Objectives: This study explored the risk factors and outcomes associated with perforation in children who underwent emergency appendicectomies. Methods: A retrospective cross-sectional study was conducted on children <13 years old who underwent appendicectomies in a Malaysian hospital in 2007. Results: One hundred thirty-four children underwent appendicectomies of which 118 were confirmed histologically. Sixty-one (52%) were perforated. Children with perforation had significantly longer duration of symptoms (p < 0.001), higher white cell count and absolute neutrophil counts (p ¼ 0.013), with longer intra-operative period (p < 0.001) and post-operative recovery period (p < 0.001). Of the 52 samples of pus collected intra-operatively, 37 (71.1%) yielded positive cultures that were predominantly Escherichia coli (n ¼ 27). Both the patients who had Staphylococcus aureus cultured from pus collected intra-operatively had significant pyogenic complications (scrotal pyocele and intra-abdominal abscess). Conclusion: Children whose appendicitis were perforated had longer duration of symptoms, higher white cell counts and absolute neutrophil counts. Those with S.aureus cultured from intra-operative pus appeared to suffer more complications.
Introduction
Acute appendicitis is the most common emergency in children requiring surgical intervention.If treatment is delayed, the condition will progress to appendiceal perforation, which can cause significant complications such as abscess, peritonitis and partial bowel obstruction, which incur substantial morbidity. Several studies have shown that children have higher rates of perforation compared with adults [1] [2] [3] [4] .
The youngest children appear to present at a more advanced stage due to difficulty in communicating their symptoms accurately, their atypical presentation as well as lack of an omental barrier [5, 6] . In addition, the risk of perforation in pediatric appendicitis appears to correlate with the duration of symptoms [7] , increased white cell count (WCC) and C-reactive protein (CRP) [8] . In the United States, children with Medicaid coverage, which is a government insurance program, had higher prevalence of perforation compared with those with private insurance [9] .
Many modalities have been used to differentiate perforated appendicitis (PA) and non-perforated appendicitis (NPA) in children, such as ultrasound, computed tomography and magnetic resonance imaging, which are not easily accessible especially in resource-limited countries. We therefore undertook this study to determine the clinical profile and outcome amongst children undergoing emergency appendicectomies in a developing country. We also explored the clinico-pathological risk factors and outcomes associated with perforation in these children.
Patients and Methods
A retrospective cross-sectional observational study was conducted on all pediatric patients <13 years old who had an appendectomy from the 1st January to the 31st December, 2007, in the Sultanah Aminah Johor Bahru Hospital, which is a tertiary hospital in the state of Johor, Malaysia.
The appendectomies were all conducted by the open procedure, as laparoscopic approach was not available in our setting. All the operations were performed by trained senior medical officers in the surgical department. Standard antibiotic therapy in our routine practice was pre-operative administration of intravenous cefotaxime and metronidazole. Where pus was visualized intra-operatively, a sample was obtained either by aspiration of pus into a syringe or by use of a swab. These specimens were then transported to the microbiology laboratory in appropriate conditions. Anaerobic bacterial cultures were not routinely performed. All the appendix specimens were submitted to the Histopathology Department for histopathological reporting.
We recorded pre-operative variables including patients' demographic details, clinical presentation, duration of symptoms and fever prior to presentation to our hospital emergency department, maximum temperature reported in the hospital, blood counts indices and interval from presentation to operation. Duration of the operation, post-operative recovery period and infectious complications as well as results of pus cultures were also noted. For the purpose of this study, the diagnosis of normal appendix, NPA and PA was based on the histological findings. Interval and incidental appendicectomies were excluded from the study.
The data analysis was performed using PASW version 18 (SPSS Inc., Chicago, IL, USA). Parametric and non-parametric tests were used in this study where a 'p value' < 0.05 was taken as the level of significance. Binary logistic regression was used as confirmative process to determine the predictive factors for the study outcomes where variables with the p 0.25 were included in the multi-variate analysis. This study was reviewed and approved by the Malaysian Ministry of Health Research and Ethics Committee.
Results
Out of a total of 134 children <13 years of age who underwent appendicectomies in 2007, males account for 81 (60%) of the cases while females made up the remainder 53 (40% of cases). The mean age of the 134 patients was 9.4 (SD AE 2.5; range 3.3-12.90 years). The ethnic distribution of children who underwent appendicectomy parallels the demographics of the Malaysian population in which 91 (68%) were Malays, 29 (22%) were Chinese and 14 (10%) were Indians.
There were 16 (12%) cases of normal appendix, leading to a diagnostic accuracy of 88%. The eventual diagnosis in these patients who had normal appendix on histology were mesenteric adenitis (n ¼ 5), constipation (n ¼ 3), urinary tract infection (n ¼ 1), worm infestation (n ¼ 1) and no cause was found in six children. Coexisting rotavirus infection was found in a child with mesenteric adenitis and another child who had urinary tract infection. When pre-operative variables were compared between the group with normal appendix and the group with appendicitis, the only statistically significant variable was duration of fever, which was longer in the appendicitis group (mean AE SD 1.0 AE 1.4 days) compared with those with normal appendix (mean AE SD 0.2 AE 0.6) ( Table 1) . Patients with appendicitis have notably more frequent nausea and vomiting (80 vs. 56%, p ¼ 0.055) as well as diarrhoea (25 vs. 13%) although these did not reach statistical significance.
Of the118 children with confirmed appendicitis, 61 (52%) had perforation on histology. Children who had PA were compared with those who had NPA as shown in Table 2 . There was no difference to the presenting symptoms and signs, but the duration of symptoms prior to presentation to the hospital was significantly longer in the PA group (mean AE SD 3.4 AE 1.8 days vs. 1.8 AE 0.9 days). Another noteworthy finding was that patients with PA presented more frequently with diarrhoea (33 vs. 18%, p ¼ 0.059).
Pre-operative timing did not appear to have a significant effect on the perforation rate. In fact, the median duration between hospitalization and operation was shorter in the PA group (13.8 Out of 52 swabs (38.8% appendicectomies) taken from the pus at the appendix site intra-operatively, 37 patients (71.1%) yielded positive cultures. As summarized in Table 3 , Escherichia coli (n ¼ 27) was the predominant bacteria followed by other gramnegative bacteria, namely, Pseudomonas aeruginosa (n ¼ 6) and Klebsiella pneumonia (n ¼ 2). Gram-positive bacteria were noted in only two intra-operative swabs, and both were methicillin-sensitive S.aureus.
Overall, eight patients (6.8%) developed post-operative infective complications, and all of them had positive intra-operative culture (Table 3 ). The rate of post-operative complications was notably higher in the PA group (11.5 vs. 1.8%, p ¼ 0.062). The complications were wound infection/dehiscence (n ¼ 3), intra-abdominal abscess (n ¼ 2), coexistent wound infection/dehiscence and intra-abdominal/pelvic abscess (n ¼ 2) and scrotal pyocele (n ¼ 1). The longest post-operative recovery period was noted in patients with S.aureus (Table 3) . No deaths were recorded in the whole cohort of 134 children.
Discussion
Patients with appendicitis usually present with the classical vague abdominal pain that later localize to the right lower quadrant accompanied by nausea and vomitting although children are known to present with a wide variety of atypical features leading to possible misdiagnosis [10] . Similarly in our study, symptoms of appendicitis were variable whereby the majority presented with the classical abdominal pain (100%), nausea or vomitting (80%) and fever (60%), but a substantial proportion also had diarrhoea (25%), dysuria (17%) and upper respiratory tract infection (9%). Children with appendicitis who had diarrhoea on presentation may be misdiagnosed as having gastroenteritis, leading to a delay in treatment and higher complication rates [11, 12] . Murch [11] postulated that some young children may present with genuine infectious gastroenteritis and develop appendicitis as a complication and thus young children with apparent or even confirmed gastroenteritis should be rapidly re-assessed if they develop progressive abdominal pain, deterioration or systemic upset. Urological symptoms such as dysuria may be present in appendicitis [13, 14] as seen in 17% of our patients. In the study by Rothrock et al. [12] , out of 161 children with confirmed appendicitis, those with dysuria (7%), diarrhoea (15%) and respiratory tract symptoms (7%) were more likely to be misdiagnosed.
More than half (52%) of our patients had appendiceal perforation. Our findings where risk of perforation was closely related to an increased duration of symptoms prior to presentation had been reported in other studies [7, 8, 15] . We postulated that this delay in presenting to our emergency department were probably due to the lack of recognition by family members or primary care providers. In a prospective study involving 202 children, the risk of perforation increased from 10% at 18 h of symptom onset to 40% at 48 h and as reflected in our study, prehospital delay rather than in-hospital delay correlated with 13 (10) 11 (9) 2 (13) Fisher's exact test, the rate of perforation [7] . In contrast, in-hospital treatment delay was found to be significantly associated with perforation rates in other studies [12, 16] . Previous studies have shown mixed results with regards to the correlation between WCC and appendiceal perforation among children. Poor correlation was found in some studies [5, 7, 17] whereas other studies had found that WCC was useful to discriminate simple from perforated appendicitis [8, 18] where the sensitivity of WCC increased with the duration of symptoms [18] . Our study reflected these latter observations, as WCC and absolute neutrophil count were significantly elevated in the PA group. As CRP was not readily accessible in our setting especially out of the usual office hours, it was not routinely performed.
Rate of positive cultures from intra-operative swabs had been reported as 24.4% [19] and 32% [20] where an increasing positivity is associated with increased severity of histological diagnosis [19] . In our study, we displayed a higher positive culture rate of 71.1%. One possible reason for this higher yield is because swabs were taken based on intraoperative findings of pus, which has a higher likelihood of a complicated course such as gangrenous or perforated appendicitis or the presence of periappendicular abscess, as opposed to simple appendicitis.
Overall, eight patients (6.8%) developed significant post-operative infective complications, concurring with the rates of Foo et al. [20] ; seven cases occurred in patients with PA. Overall, 71.1% (37 of 52) of patients tested demonstrated positive cultures; however, the proportion of patients with positive cultures was actually higher in patients without infective complications (78%, 29 of 37 patients) compared with only 21.6% (8 of 37) in patients with infective complications (p ¼ 0.0001). The usefulness and the role of intra-operative culture for the treatment and clinical outcome of appendicitis in children remains controversial [19, 20, 21] as reflected in our findings.
The bacterial flora isolated concurred with the trends noted in other studies, with coliforms such as E.coli predominating [21] . However, one noteworthy finding was that both the patients who had S.aureus cultured from pus collected intraoperatively appeared to fare worse with higher complication rates and longer recovery period (Table 3) . This may be explained by the routine practice of prescribing empirical antibiotics for gram-negative and anaerobic organisms that did not provide coverage for S.aureus as well as the pathogenecity of this organism. Although uncommon, S.aureus has been documented to cause appendicular peritonitis [22] and intra-abdominal abscesses in children [23] , and its detection should trigger a higher index of suspicion, as there is a possibility of patients progressing to a complicated course.
Conclusions
The discrimination between PA and simple appendicitis poses a continuing diagnostic dilemma for clinicians where clinical indicators may be useful especially if imaging modalities are not available. Our study found that children with a longer duration of symptoms, higher white cell count and absolute neutrophil counts have a higher incidence of perforation. As the delay in identifying appendicitis in these children leads to a higher risk of perforation, earlier detection of the condition among family members and primary health care practitioners may enable children to present at an earlier stage. Patients who had S.aureus cultured from intra-operative pus in our study had more post-operative complications; however, definitive scientific proof will only come from a larger study. 
